Introduction

Background
Protein immunoassays provide information about quantities and forms of endogenous proteins. Uniplex enzyme immunoassays like Elisa have been the workhorse for protein measurement for decades, but they can be laborious and expensive and consume relatively large amounts of specimen. In comparison to the ELISA for a single analyte, multiplex assays offer the possibility of obtaining more reliable quantitative information in a highly parallel analysis. In addition, quantitative multiplexed assays offer the possibility to identify combinations of biomarkers with higher disease specificity than any single established biomarker alone. Because of these reasons, currently one-analysis, many-metabolites, manydiseases approach is receiving more attention than uniplex system with one-analysis, onemetabolite, one-disease.
Multiplex immunoassay platforms
Presently, antibody-based platforms are the core technology for protein multiplex arrays. Assay formats include suspension arrays (microbead assays) and planar arrays that use traditional immunometric principles. In the first format, different capture antibodies are spotted at defined positions on a 2-dimensional array. In the second, the capture antibodies are conjugated to different populations of microbeads, which can be distinguished by their fluorescence intensity in a flow cytometer.
(the limits of quantification). Therefore, there is not a single assay platform suitable for all analytes. The selection of a platform or kit should depend on assay sensitivity, the relevant biological concentration to be measured 
Background
In multiplex bead array assays (MBAA), beads of discrete fluorescence intensities and wavelengths provide a capture surface for specific analytes enabling detection of multiple analytes in a single sample. Bead based assays of analyte is an attractive strategy for obtaining large numbers of measurements rapidly. MBAA is an open access system; namely, the parameters to be measured can be determined by the user. The variety of source increases its area of application (nucleic acids, antigens, antibodies, receptors).Since the detection method is based on flow cytometry and this allows repeatability, MBAA performs the quality control of the measurement, simultaneously with the measurement itself.
The MBAA readers allow analysis of up to 100 reactions or assays per well. This remarkable capability allows incorporating a large number of assays, such as DNA, receptor-ligand, Immunoassay and enzyme in life science research, drug discovery as well as diagnostic areas.
The principle of measurement
These systems depend on measurement of fractional antibody occupancy using two different labels: one labeling the "capture" antibody, the second labeling a "detection antibody", selected to react either with occupied or unoccupied sites on the "capture" antibody. The ratio of signals emitted by the two labeled antibodies reveals the analyte concentration to which the capture antibody has been exposed. An array of capture antibodies, each labeled with the same fluorescent label, is scanned (by a laser), and the fluorescent signal ratio emitted from each discrete antibody couplet in the array is measured.
Summary of principles
1. Color-coded beads, pre-coated with analyte-specific capture antibody for the molecule of interest are added. 2. Analyte-specific antibodies capture the analyte of interest. Biotinylated detection antibodies specific to the analyte of interest are added and form an antibody-antigen sandwich. 3. Phycoerythrin (PE)-conjugated Streptavidin is added. 4. The beads are read by a dual-laser flow-based detection instrument which excites the internal dyes marking the beads set and a second laser excites PE, the fluorescent dye on the reporter molecule (www.luminexcorp.com).
The system is capable of measuring potentially up to 100 analytes simultaneously in a small sample volume (25-50 µL). Table 3 .The characteristics of MBAA
Advantages of the system
Comparison with other technologies and assays
The assay which is most often compared to MBAA is the enzyme-linked immunosorbent assay (ELISA). ELISAs, in general, use a similar immobilized antibody to capture a soluble ligand, with subsequent detection of the captured ligand by a second antibody. There are, however, several substantial differences between MBAA and ELISAs. For example, MBAA uses fluorescence as a detection system where ELISAs use enzyme amplification of a colorimetric substrate. MBAA captures ligands onto spherical beads in suspension while ELISAs generally rely upon flat surfaces in 96-well plates. Most importantly, MBAA techniques, by their very nature, are multiplexed and therefore may be subject to any perturbations that arise from analyzing multiple ligands simultaneously, such as crossreactivities. By contrast, ELISA methodologies generally study one analyte at a time, and thus avoid any concerns arising from multiplexing.
Multiplex system presents additional Quality control (QC) challenges compared to uniplex analyses. The failure of 1 constituent assay to meet QC specifications results in rejection of results for all assays on the panel. Samples failing QC specifications should be retested using the same measurement system, because substitution of a uniplex assay may introduce bias due to differences in assay format. However, the probability of all assays simultaneously meeting QC specifications is much lower than the probability of a uniplex test passing QC. At present, reference guidelines for multiplex QC programs are under development by the Food and Drug Administration (FDA).
In theory, the MBAA platform may also provide a wider dynamic range than conventional ELISA methods because of the greater linear range of fluorescence intensity compared with absorbance. Detection limits of MBAA (luminex) and ELISA are different. A comparison of detection limits of some test for the Luminex assays and the ELISAs is shown in Table 4 Protein microarray kits, which use capture antibodies and detection antibodies in a multiplex fashion similar to MBAA, should also be considered as a competing technology which is most commonly used for simultaneous determination of multiple proteins in a biological fluid. The technique uses primary antibodies as the immobilized probe on a solid surface, and protein antigens labeled with fluorophores with or without bound secondary antibodies are recognized and detected. However, binding of antibodies and antigens to a solid support can cause denaturation or drying of proteins. MBAA provides multiplexing in a solution phase and thus is particularly flexible and nondestructive for protein analysis. Also protein microarray assay are relatively new, are not widely accepted as a 'gold standard' for clinical use, and also may be of limited sensitivity.
Areas of application
Since a disease can result from various reasons and it may include functional disorders of multiple genes, a multi analyte analysis is necessary for diagnostic purposes. The www.intechopen.com technology called omic and multiplex system allows a fast and systematic detection of the effects of micro molecules in different molecular and cellular contexts. In this respect, it can be used for diagnosing multi-reason/multi-gene diseases, performing a comprehensive disease management and investigating complex cellular functions. In addition, it provides a wide range of application area for research area because of its plasticity which allows the researchers to perform various studies.
Clinical utility
Despite the introduction of hundreds of multiplexed protein immunoassays to the research market in recent years, only a limited number have been cleared by the FDA for clinical use, an observation that illustrates the complexity of constructing robust arrays. Antibody-based multiplexed assay (and commercial instruments and kits) have a relatively long history with over 15 years of development and optimization. However, most commercial multiplex assays are developed for research laboratories and nonclinical tests; only a limited number of multiplex assays are approved by FDA for clinical testing. For example FDA-cleared planar protein multiplex arrays consist primarily of the lateral flow immunoassays used for point-ofcare evaluation . For example, the Triage® Cardio ProfilER® 4-plex measures troponin-I, creatine kinase-MB, myoglobin, and brain natriuretic peptide (BNP) to assist with evaluation of chest pain using a portable lateral flow platform. At present, suspension immunoassay is the prevailing technology for FDA-cleared multiplex protein measurements, especially for testing antibodies in the serum of patients with allergies or autoimmune or infectious diseases in clinical laboratories.
The other platforms for commercial multiplex diagnostic tests include Luminex (www.luminex.com), Triage system (www.Biosite.com), Evidence (www.Randox.com), Vidas (www.biomerieux-diagnostics. com), Planner arrays (www.VBC-genomics),Whatman (www.whatman.com) and bead array (www.bioarrays.com). At present, suspension immunoassay is the prevailing technology for FDA-cleared multiplex protein measurements, especially for testing antibodies in the serum of patients with allergies or autoimmune or infectious diseases in clinical laboratories. Most of the currently available multiplex immunoassays have been designed to quantify the concentrations of various cytokines.The recent development of spectrally-distinguishable fluorescent beads(Luminex) (Kellar and Iannone, 2002) has resulted in the widespread use of antigen-coupled beads for monitoring antibodies in sera by flow cytometry. These bead arrays have been adapted for serologic screening of antigens and have been described for up to ten antigens for HIV (Opalka et al., 2004) , HPV (Opalka et al., 2003; Dias et al., 2005) , Epstein-Barr virus (Klutts et al., 2004; Binnicker et al., 2008; Gu et al., 2008 ), B. anthracis (Biagini et al., 2004 Biagini et al., 2005) , Influenza (Drummond et al., 2008) and M.tuberculosis (Khan et al.,2008) .
The results from a growing number of research studies, demonstrate that multiplex technology may be useful in clinical research to measure a large number of analytes to examine the association with a clinical phenotype and the effects of therapeutic interventions, and that this technology may be particularly useful when sample volume is limited, such as in large epidemiologic studies and clinical trials. Clinical applications must follow establishment of globally accepted calibration standards, performance criteria, and QC programs.
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